Context At a time of significant changes in medical education world-wide, the international dimensions and global issues relating to the application of new learning technologies have been recognised.
Introduction
The past decade has seen calls world-wide for changes in medical education. [1] [2] [3] [4] Harden has suggested that the sharing between centres of learning resources and approaches to education can contribute to the implementation of global standards. 5 The question has to be asked, however, as to the extent to which such resources and approaches are exchangeable between different centres, particularly between institutions in different countries. As resources become more sophisticated and their production more costly, issues related to their portability become more important. This paper describes how 'Harvey', the Cardiology Patient Simulator and the UMedic Multimedia computer curriculum, developed in the USA, were adopted in the curriculum of a UK medical school, and how the subsequent model was made available to other centres in that country. 'Harvey' is a cardiology patient simulator capable of simulating the cardiac findings of 27 conditions and the UMedic Computer System is a comprehensive cardiology multimedia curriculum. 6 These have been developed at the University of Miami Center for Research in Medical Education, working with a consortium of physicians and medical educators from 14 medical centres. In 1999, with financial support from the Scottish Council for Postgraduate Medical and Dental Education, the University of Dundee acquired Harvey and UMedic to critically evaluate their potential roles within a UK medical School. Encouraged by the success of the Dundee project, the British Heart Foundation took the unprecedented step of providing a large educational grant to provide every medical school in the UK with Harvey and UMedic. The University of Dundee was the first UK school to obtain Harvey and Umedic, which have now been fully integrated into all 3 phases of its curriculum.
The Dundee curriculum
The University of Dundee has a multi-professional health care faculty which incorporates a school of medicine, a school of nursing and midwifery, and a school of dentistry. The Dundee undergraduate medical curriculum, in common with other UK curricula, is of 5 years' duration and is divided into 3 phases. A complete description of the curriculum and the underpinning principles has been published. 7 In 1999, Harvey and the UMedic programmes were introduced into the Dundee curriculum and by 2001 were fully incorporated and used in all 5 years. Frequently, new learning resources are introduced on an ad hoc and opportunistic basis without a detailed consideration of how they can be incorporated within a curriculum. This account provides a description of a more systematic and planned approach in the context of cardiology.
Collaboration between the University of Miami and the University of Dundee
For the past 5 years, clinicians and medical educators from the University of Dundee have collaborated with the University of Miami in developing, implementing and evaluating new learning technologies with innovative educational models. During this time, this collaboration has resulted in:
• the development of valid and reliable computerbased outcomes measures of cardiac bedside skills; 8 • the demonstrated positive effect of an innovative cardiology curriculum for internal medicine residents; 9 • a world-wide survey of Harvey users that captured the most effective uses of the simulation in a variety of settings; and • the development of a guide that shows users how innovative tools can be effectively integrated throughout undergraduate, graduate and postgraduate education. 10 Recognition of the importance of the subject in the UK context
The development of doctors to meet the needs of society in the 21st century has been an important factor in the design of the Dundee curriculum. Disorders of the cardiovascular system have been identified as a priority area for health care delivery in the UK, and the need for prevention as well as diagnosis and management has been highlighted. The need for relevance with 'education for capability' is reflected in the curriculum. This is exemplified by the practical nature of student activities, such as the identification by students of their personal coronary risk factor profiles 11 and by the 'problem patient of the week' in phase 2 which provides a focus for learning. The first patient problem, for example, relates to an overweight middle-aged business man
Key learning points
The most appropriate use of simulators such as Harvey, the cardiology patient simulator, occurs when it is integrated into the required curriculum of learners.
The successful use of simulators such as Harvey, the cardiology patient simulator, requires the presence of a 'champion', a clinician educator and a supporting administrative staff who ensure the simulators' appropriate use.
The development of simulation-based resources at one centre can be successfully adopted and their implementation accelerated within another country through close collaboration. who has shortness of breath, a raised blood pressure and multiple coronary risk factors.
A move to outcome-based education as a means of clarifying the roles of the resources within the curriculum
The Dundee curriculum has moved to an outcomebased education approach, exemplified in the 3-circle model and 12 learning outcomes, which has been adopted by all 5 Scottish schools. 12 These outcomes served as a framework for the cardiovascular system curriculum and made explicit and transparent how the cardiovascular course contributed to the overall learning outcomes for the undergraduate programme. This is illustrated in the following example from the cardiovascular system programme in year 2:
A In the inner circle. What the doctor should be able to do -'doing the right thing'. 11 The role of the doctor as a member of a team within the health care delivery system, e.g. the multidisciplinary cardiac rehabilitation team. 12 Personal development including self-learning and self-assessment, e.g. the student's assessment of his/her own knowledge and commitment to the prevention and management of coronary artery disease.
Relevance to both core curriculum and special study modules
The core curriculum occupies 69% of the time available in the Dundee curriculum and is common to all students. The assessment-to-a-standard approach adopted ensures that students proceed through the curriculum at a pace matched to their needs. Students who do not master the core cardiology programme at the required level, within the time allocated, continue their study of the core while other students, who do reach the required standard, enrich their studies with additional special study modules. The other 31% of curriculum time is allocated to 'special study modules' in which students choose from a range of modules on offer, or put forward their own proposal. 14 This provides the opportunity for students to explore an aspect of the core curriculum in more depth or another related area of professional interest to them. In addition to its role in the core curriculum, cardiology has proved a popular choice for special study modules and the staff-indicated and student self-proposed topics are given in Table 1 . Adoption of a school curriculum with the integration of cardiology resources within all phases of the curriculum The vertically integrated curriculum was arranged as a spiral, 15 with students studying the cardiovascular system in each of the 3 phases. In the constructivist approach to learning adopted, students build and elaborate on what they have already studied. 7 Students are introduced to clinical problems relating to cardiology early in the programme. On the very first morning of the medical course, the students are introduced to the 12 learning outcomes which they encounter throughout the undergraduate programme. Harvey, the cardiology patient simulator, is used effectively in this 'whole year' group session in a large lecture. By working through a common cardiological problem such as mitral regurgitation, students understand the relevance of the basic science learning outcomes to the physical examination. Rather unexpectedly, Harvey has been a valuable tool for demonstrating normal and abnormal physiological principles. Harvey has proved very popular with these Phase 1 students, providing an insight into interesting clinical problems to come. The students' study of the basic sciences continues throughout the undergraduate programme. Students are expected to apply their understanding of the basic sciences to a patient with a cardiovascular problem and to provide written evidence of this in their portfolio on which their final assessment is based. 16 Adoption of appropriate educational strategies Student-centred A student-centred approach to learning has been emphasised 17, 18 with time allocated for independent study. Students are given, in the Dundee curriculum, a measure of responsibility for planning and managing their own learning within a framework of organised learning opportunities. A range of interactive selflearning resources includes the Harvey simulator and UMedic programmes that are made available to students in the integrated learning area and in the computer suite and are part of their scheduled learning experiences.
Problem-based learning in the 4-week Year 2, integrated cardiovascular programme is based on 4 problems: a patient with multiple coronary risk factors; a patient with peripheral vascular disease; a patient with myocardial infarction and a patient with a heart murmur. In Phase 3 a task-based approach is adopted, 4, 19 with a set of tasks (Table 2) serving as a focus for the students' learning in the cardiovascular system. The tasks serve as a focus for the integration of medical, surgical, psychological, family medicine, paediatric and obstetric aspects as students rotate through the range of clinical attachments in Phase 3. A multiprofessional perspective is provided through the participation in the teaching programme of other members of the health care teams, including paramedics, physiotherapists and nurses, and through joint learning with nurses in the Clinical Skills Centre.
A range of teaching methods
A range of learning opportunities is available to the students. These include:
1 lectures and symposia on topics such as heart failure; 2 small group PBL sessions as described above; 3 independent study using Harvey and computerbased learning using the UMedic programmes 20 and other resources including reference to appropriate websites; 4 an introduction in the Clinical Skills Centre to the skills of history taking and physical examination in the cardiovascular system using simulated patients and Harvey, the cardiology patient simulator; 5 hospital ward-based teaching both in Dundee teaching hospitals and in out-of-Dundee hospitals; 6 clinical experience in the Ambulatory Care Teaching centre; 21 7 community based teaching in primary care; 8 collaborative learning with senior students tutoring junior students. Thirty-nine senior students (out of 150, 26% of class) volunteered their services as tutors.
Harvey and the UMedic programmes as a major contribution
Harvey was used in whole class, small group sessions and independent learning throughout all 4 weeks of the • examination of the arterial pulses, including normal, large and small volume pulses; • examination of the jugular venous pulse, including the normal contour and abnormal contours such as a giant 'a' wave and a regurgitant 'c-v' wave; • the precordial impulses including the location and character of a normal apex beat, a forceful and sustained apex beat, a displaced apex beat and a left parasternal heave; and • the heart sounds including the 1st and 2nd heart sounds, splitting of the 2nd sound, the 3rd heart sound and the 4th heart sound.
Harvey proved a popular innovation when incorporated within the curriculum in this way and was rated highly in the end of block course monitoring for assessing academic standards.
Assessment
The students' mastery of the core learning outcomes relating to the cardiovascular system is assessed using a range of instruments including:
1 written papers with very short answer questions, extended matching items and problem solving exercises; 2 objective structured clinical examinations (OSCEs); 3 a portfolio in which the students have to present evidence from a variety of sources of their mastery of each of the 12 learning outcomes described above. The portfolio is the basis of the final qualifying examination; 4 a progress test for basic core knowledge taken annually by students in all 5 years of the course. Students are expected to score more than 80% in the examination by the time they reach year 4. Examples of the questions relating to the cardiovascular system are given in Table 3 .
OSCE stations covering the cardiovascular system are structured around a patient problem of the week with a series of linked stations testing a range of learning outcomes. Examples of individual stations are:
1 examination of the leg in a patient with peripheral vascular disease; 2 measurement of the blood pressure in a patient with hypertension; 3 auscultation of a simulated murmur using 'Harvey'; 4 taking a history from a simulated patient with chest pain; 5 advice to a simulated patient and his wife on discharge from hospital following a myocardial infarction.
The results of the assessments provided evidence that Harvey and the UMedic programmes were not only popular but effective. A recent assessment of secondyear students in an OSCE, found that the percentage of students recognizing each of the important auscultatory findings was as follows:
Physiological splitting of second sound 93% First, second and third heart sounds 83% First second and fourth heart sound 80% Murmur of aortic stenosis 87% Murmur of aortic incompetence 78%
Communication about the available learning opportunities
Study guides provided an important tool for facilitating learning and for communicating information about the curriculum with students and staff. 22 What students should learn with regard to the cardiovascular system, the learning opportunities available to help them master Apart from diamorphine, which drug should be given orally as soon as possible by a general practitioner who sees a patient with a suspected myocardial infarction?
Aspirin 6
What are the 2 most common modifiable risk factors for ischaemic heart disease in Scotland?
Hypertension and high cholesterol 7
The murmur of aortic stenosis is heard best in which part of the praecordium?
Aortic area, 2nd right intercostal space
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each learning outcome, and how they are assessed are made explicit in a cardiovascular system study guide for phases 1 and 2 and in study guides for each of the cardiovascular system 'tasks'. Three different approaches to study guides have been tested in the cardiovascular system course:
• in an outcome-based approach guide, each of the 12 learning outcomes is described and the learning opportunities to support each learning outcome are identified; • in the problem-based approach guide, students are first presented with a problem and asked to identify the expected learning outcomes. These outcomes are then related to the learning opportunities as in the outcomes-based approach guide; • in the timetable-based guide, the learning opportunities are described as they are scheduled in the timetable. How each learning opportunity contributes to the learning outcomes is then described.
Experience to date suggests that about 68% of students prefer study guide version 3, and 16% each of the other 2 approaches. In all versions of the study guide, the role of Harvey and the other learning resources are made explicit.
Management of the curriculum
A system convenor with a basic science background, a convenor with a clinical background and a lecturer in medical education are jointly responsible for the development and implementation of the cardiovascular system programme. The convenors, working with a cardiovascular system group of teachers, are responsible to the convenor phase and these in turn are responsible to the Undergraduate Medical Education Committee. Students are represented on the committees. The convenors also liaise closely with the person or group responsible throughout the curriculum for each of the 12 outcomes. This helps to ensure that the cardiovascular system plays an appropriate role with regard to each learning outcome. This role may be obvious with regard to the clinical skills outcome, but may require more detailed discussion with regard to other outcomes such as the health promotion or ethics outcomes.
The cardiovascular system group -through the phase assessment committees -contributes to and monitors the assessment process as it relates to the cardiovascular system and as set out in a blueprint for each examination. Academic standards and quality assurance are the responsibility of a separate committee which reports directly to the School of Medicine Board of Studies. The contribution of staff to the delivery and to the planning of the teaching and assessment programme is recorded and this is reflected in the budget allocated to each department within the medical school. This management structure helps to ensure that new learning opportunities such as Harvey and the UMedic programmes are established and incorporated into the formal curriculum.
Discussion
The use of simulation to teach cardiac bedside findings is increasing in both the UK and throughout the world. The Dundee system of introducing students to simulated bedside findings very early in the curriculum and integrating the findings with real patient cardiovascular problems maximises the use and effectiveness of Harvey. A multi-centre study in the USA demonstrated that the integration of a computer-based curriculum in cardiology is possible throughout the entire 4-year medical school curriculum. This was successful only when there was a partnership of a content expertadvocate and a decisive curriculum leader. 20 Through the British Heart Foundation initiative a higher proportion of medical students in the UK than in any other country, including the USA, will have access to Harvey, the cardiology patient simulator. To be effective, simulation systems and computer-based programs should be made part of the required curriculum and outcomes tested. A recent survey of 44 medical schools that use Harvey revealed that fewer than 25% of the US institutions used the simulator in all 4 years of the curriculum (unpubl. data).
As a result of Harvey's successful adoption and integration into the Dundee curriculum, the level of auscultation skills proficiency is significantly higher than that demonstrated by medical students and house officers in the USA. 23 The Dundee results are consistent with those in the USA, where the use of simulation technology has been introduced into the required curriculum and the outcomes tested. 24 In the UK, unlike the USA, there is no national qualifying examination and medical schools have responsibility for developing their own assessment instruments. This has enabled institutions in the UK to develop and implement more innovative and appropriate outcomes measures for those competencies being assessed.
The development of the UK Harvey resource centre
The successful integration of the Harvey and UMedic programmes into all 3 phases of the Dundee curriculum led to the development of the University of Dundee Harvey Resource Centre, supported by the British Heart Foundation. This enables a more local institution, through its continued collaboration with the University of Miami, to serve as a resource to encourage and speed the full integration of this technology into other UK schools' curricula. The Resource Centre has the following mission:
• disseminate throughout the UK, information about the use of Harvey. This would include the development of a website, published literature and experiences gained in established centres overseas at Dundee and other centres in the UK; • provide advice and assistance to centres with Harvey.
This includes information on technical issues, logistical issues and educational issues; • provide a focus for a network of Harvey users in the UK. It is anticipated that this will lead to collaboration between schools with regard to approaches to teaching and learning of the cardiovascular system in the medical curriculum; • contribute to further developments and research in the use of Harvey.
Conclusion
This paper has described 1 approach to the integration of simulation-based learning technologies, developed in the USA, into the undergraduate cardiology curriculum at 1 UK medical school. The approach adopted ensures that the cardiovascular system course contributes effectively to overall learning outcomes for the undergraduate programme. A particularly effective feature of the programme identified by student focus groups includes the adoption and use of Harvey and UMedic throughout the curriculum. The range of teaching and learning methods and the assessment process adopted contribute to the students' mastery of these learning outcomes. An important conclusion is that new learning technologies are valuable tools that can improve quality and standardisation when they are integrated into the required curriculum. Often this integration is limited by the lack of local resources, including initial capital expenditures as well as ongoing staff, administrative and technical costs. The case in Dundee was facilitated through its unique collaboration with the University of Miami and the wedding of expertise in curriculum development and assessment with simulation technology. The close collaboration between the curriculum designers in Dundee and the simulator designers in Miami had a number of advantages. This liaison helped to ensure that, based on cumulative experience over the years, potential problems were avoided and opportunities for the use of Harvey in the curriculum were identified. The close involvement of the Miami team included personal visits by its members to Dundee, during which they demonstrated the use of Harvey in a variety of settings. This resulted in a level of confidence of Dundee teachers in the capabilities of the simulator and led to the decision to integrate the model from the start into the curriculum rather than introducing it in the first instance as only an adjunct aid or as part of a pilot or trial. The success of this collaboration has resulted in the University of Dundee becoming not only a model, but a resource through its Harvey Centre, for other institutions who want to fully integrate simulation-based learning technologies into their curricula.
